Problem 2.27 At an operating frequency of 300 MHz, a lossless(b@ir-spaced
transmission line 2.5 min length is terminated with an imped@nce (40+ j20) Q.
Find the input impedance.

Solution: Given a lossless transmission liry,= 50Q, f =300 MHz, | =2.5m,
andZ_. = (40+j20) Q. Since the line is air filledy, = ¢ and therefore, from
Eq. (2.48),
W 21mrx 300x 108
B= Up 3x 108

Since the line is lossless, Eq. (2.79) is valid:

= 2mrrad/m

Z. — 7, (ZL + jZotanBI) B [(40+ j20) + j50tan(2rrrad/mx 2.5 m)
in — -

Zy+ jZ, tanpl 50+ j(40+ j20)tan(2mrrad/mx 2.5 m)
= 50[(40+ j20) + j50x 050+ j(40+ j20) x O
= (40+j20) Q.




Problem 2.28 A lossless transmission line of electrical lendth= 0.35A is
terminated in a load impedance as shown in Fig. P2.28. Fjrf§) andz;,. Verify
your results using CD Modules 2.4 or 2.5. Include a printout of the stsreerput

display.

~—I/=0350——

Zin—»  Zo=100Q [] Z1= (60 +j30) Q

o O

Figure P2.28: Circuit for Problem 2.28.

Solution: From Eq. (2.59),

ZL -7 (60+j30)—100 e
Z 17 (60+)30)+100 307

From Eqg. (2.73),
1+ 1+0307

_ - — 1.89.
1-[F|  1-0.307

S

From Eqg. (2.79)
Z, + jZptanpl
Zo+ jZ tanpl
60+ j30) + j100tan( 2%rad0 351
(604130 +] n(/d ) — (64.8—j38.3) Q.
100+ j(60-+ j30) tan(<5290.352 )

Zin:ZO<




Module 2.4 Transmission Line Simulator Options: | Set Input / Output %!

Z, =60.0+]300 Q

Z,=50.0+]0.0 Q Zy=100.0 +]0.0 Q f = 3.75 GHz
Vg=10+j00V e, =10 A =80.0 mm

d= 035 A = 28.0mm

Set Line Output [ Transmission Line Data 1
Langth ity ©12] Otm) Cursor d =035k =28.0mm

— 7= 60 +J |30 - | - 64. -j38.
Low Loss Appronmatlon L | | | | Imae]dance Z(d) =64.841222 - 38.282867

= 75.29915 L -0.5333 rad
© Impedance O Admittance Admittance  Y(d) = 0.011436 + | 0.006752
[s] =0.01328 L 0.5333 rad
IChar:cteristic Zp = Reflection Ty =-0.15119794 - j0.2673552
D Coefficient = 0.30714756 L -2.085486 rad
Frequency f =0.30714756 L -119.489553°
Relative & = Set Generator Voltage V(d) = 0.60816 - 0.130622
Permittivity r . . - [v] = 0.622029 L -0.2116 rad
Line length [ = Yy =10 |+ |00 | Current  T(d) = 0.007837 +0.002612

) o [A] = 0.008261 L 0.3218 rad
zg=|50 |+ |00 |

Power Flow P, =2.212394
[mW]




Problem 2.32 A 6-m section of 1502 lossless line is driven by a source with
Vg(t) = 5cog8mx 10't — 30°) (V)
andZy = 150Q. If the line, which has a relative permittivity = 2.25, is terminated
in aloadz, = (150 j50) Q, determine:
(a) A ontheline.
(b) The reflection coefficient at the load.
(c) The input impedance.
(d) The input voltagéy.
(e) The time-domain input voltage(t).
(f) Quantities in (a) to (d) using CD Modules 2.4 or 2.5.
Solution:

Vg(t) = 5cog8mx 10t —30°) V,
Vg=5e 3% v.

li Transmission line
_._C

O N
/+ T m

+
\79® Vi Zo—»  zo=1500 V. |Z |(150i50)Q

\. '

O )
A

Generator |fe——I1=6m ]

- L oad
zZ=+ z=0

Figure P2.32: Circuit for Problem 2.32.



@

c 3x 108
Up = —— — =2x10® (m/s
PTVE V225 (m/s)
U, 2mu, 2mx2x10®
F~ o T TV AL
w 8mx 10’
_———————,— .4
B b 2x10° 0.4t (rad/m)

Bl =04mx6=24m (rad)

Since this exceeds®(rad), we can subtractr which leaves a remaind@i = 0.4
(rad).
(b) T'=

(©

Z -7y 150-j50—-150  —j50

= . = —_ —0.16e 18054
Z +Zo  150—j50+ 150  300— j50 ©

20— 27 [ZL + jZotanpl ]

Zo+ jZ tangl
(150— j50) + j150tar{0.41m)
150+ j(150— j50) tan(0.47)

] = (11570+ j27.42) Q.

(d)

VgZin 567139 (1157 + j27.42)
Zy+Zn 150+ 1157+ j27.42
_ 530 (1157+]27.42
2657+ j27.42
— 5130 x 0.44el74% = 22712256 ().

V=

(€)

Vi(t) = Re[Vie Y] = Re[2.2e7 12256 el¥] — 2 2 cog8mx 10"t — 22.56°) V.



Module 2.4 Transmission Line Simulator Options: | Set Input / Output % |

Z,=150.0+)0.0 Q
Vg=433-j25V

d=121=60m

Set Line
Length units: () [A] ®[m)

Low Loss Approximation

Characteristic
Impedance

Frequency f

Relative
Permittivity

Line Length

Ep=

Z,=150.0+j0.0 Q
e, =2.25

z,= | 150 [*1 |50 [2

(®) Impedance O Admittance

Z, =150.0-)50.0 Q

f = 40.0 MHz
A =50m

Transmission Line Data 1

Output |

Cursor d =12k =6.0m
Impedance |Z(d) = 115.702409 + j 27.423507 |

[9] =118.907931 L 0.2327 rad

Set Generator

vg=|_§4g3
z3 = 150

| e Y
| oo \ |

Admittance Y (d) = 0.008183 -j0.00194
[S) = 0.00841 L -0.2327 rad
Reflection Iy =-0.11718185 + j0.11530585

Coefficient = 0.16439899 L 2.364264 rad
= 0.16439899 L 135.462322°

Voltage V(d) = 2.055434 - j0.853886
(V] =2.225742 L -0.3937 rad

Current T(d) =0.015164 -j0.010974
[A] = 0.018718 L -0.6265 rad

Power Flow P, =20.269378
[mW]

[5 cos (-30)

5 sin(-30)




Problem 241 A 50-Q lossless line of lengtth = 0.3750 connects a 300-MHz
generator with/g = 300 V andZy = 50 Q to a loadZ_. Determine the time-domain
current through the load for:

(@) ZL = (50— j50) Q

(b) Z. =50Q

(c) ZL =0 (short circuit)
For (a), verify your results by deducing the information you need froenatput
products generated by CD Module 2.4.

Solution:
D00 Transmission line
+
Vg @ Zin—> Z0=500Q Z, |(50450) Q
Generator T<_| = 0_375)\_;[ L oad
Z =4 z=0
il
— _>_O—
A
+
A

Figure P2.41: Circuit for Problem 2.41(a).

(@) Z = (50— j50) Q, Bl =" x 0.375\ = 2.36 (rad)= 135".

7 -Zy 50-j50-50  —j50

= = . = —_ — (.45 1634%
Z +Z 50— j50+50 100— j50 €




Application of Eq. (2.79) gives:

4+ ZotanBl
Zo+ jZ tanpl

Using Eg. (2.82) gives

v — VoZin 1
0 Zy+Zin ) \ el +Te 1A

~300(100+ j50) 1
~ 50+ (100+ j50) \ el135 + 0.45¢ 16343 ¢~ j135

=150e 1135 (v),

B (50— 150)+150tan135} _ (100 j50) Q.

Zin :ZO[ - [50+j(50— j50)tan 135

=~ Vo 150e 1139 . o

| =9 (1-TMN) =" (1-0.45e 16343y _ 2 gge 110844 (A

Al 50 e ™) e (A).
i (t) = Re[l_e¥]

_ %6[2'68e7j10844°ej6n><108t]
= 2.68co$6mx 1%t —10844°) (A).

(b)

7. =500,
r—o,

Zin=Zo=500Q,

300x 50 1 -

V+ — i — 150 —j135 \V;
0~ 50150 <e1135°+0> © V),
~ V0+ 150 _i135 s
L= 2, " 50° e (A,

i (t) = Re[3e 1135610 — 3cog6mx 10°% — 135°)  (A).

(©
Z =0,
=1,

Zn=12o (W) = jZotan135 = —j50 (Q),

300(— j50) 1 e
Vo' = 5o j50 <e1135o —e—1135°> = 150e™ V),




~ V) 150e113%
I = 7 1-T="—F5—
iL(t) =6cog6mx 10°t —135) (A).

[1+1]=6e 1135 (A),

From output of Module 2.4, at = 0 (load)

[(d) = 2.68/-189 rad,

which corresponds to

[(d) = 2.68/-10829"

The equivalent time-domain currentfat= 300 MHz is

i (t) =2.68cog61x 10°t — 10829°) (A).

Module 2.4 Transmission Line Simulator Options: | Set Input / Output 3|

2, =50.0-)50.0 Q

2,=50.0+)0.0 Q Z,=500+j00 Q f = 300.0 MHz
Vg=3000+j0.0 V e =10 A =10m

d= 0375 A = 375.0mm

Set Line Output [ Transmission Line Data 1
Length units: () [A] Ofm]

Cursor d =00A =0.0m

. Z,=|50 +i | -so - Impedance  Z(d) = 50.0 -j50.0
Low Loss Approximation el | ! (9] - 70.710678 L -0.7854 rad

® Impedance O Admittance Admittance  Y(d) = 0.01 +0.01

[s] =0.014142 L 0.7854 rad
Characteristic 7 Reflection Iy =02-j04

e Coefficient = 0.4472136 L -1.107149 rad
frequency  f = = 0.4472136 L -63.434949 °
Set Generator

Relative o Voltage V(d) = - 169.705627 - | 84.852814
Permittivity r . . - [v] = 189.73666 L -2.6779 rad

N - +

Linelength I = Yy -| 300 | J | 0.0 | Current | Tid) = -0.848528 - j 2.545584

\ [A] = =
ZQ =| 50 |"’J | 0.0 |Q Power Flow P,, =180.0

lw'




Problem 2.42 A generator withVg = 300 V andZ, = 50 Q is connected to a load
Z, =75Q through a 502 lossless line of length= 0.15A.

(a) Computezi,, the input impedance of the line at the generator end.
(b) Computel; andV..
(c) Compute the time-average power delivered to the Rae= 29[Vl ].

(d) Compute Vi, I, and the time-average power delivered to the load,
A = 1%eVLI{]. How doesR,, compare tdA ? Explain.

(e) Compute the time-average power delivered by the geneRtaand the time-
average power dissipatedy. Is conservation of power satisfied?

Solution:
50 Q - .
J\M ___Transmission line
+
Vg @ Zin—»  Zo=500Q 750Q
Generator T<_ | = 0.15\ _>T L oad
z=+ z=0
I
. !
Figure P2.42: Circuit for Problem 2.42.
(@

Bl = 27" % 0.15) = 54°,



2 — 7 [ZL + JZOtanBI] _5p [75+ j50tan54

] = (41.25— j16.35) Q.

Zo+ jZ. tanpl 50+ j75tan54

(b)

I/ 300 i

—_ Y9 _ : =3.24¢101% (A

' Zy+Zn 50+ (41.25- j16.35) © *,

V, = 11Zin = 3.24611016 (41 25 |16.35) = 1436e 11146 (V).

©
1, o~ 1 —j11.46° -j10.16°
P, = éme[\/ih = éf)ﬁ{e[l43Ge x 3.24e ]
1436 x 3.24
= TIPSR 0q2162°) = 216 (W)

(d)

ZL-Zy T75-50
- ZL+Zy 75+50 7
~ 1 1436¢ 11146 e
+ __\/ _ _ — |54
VO _\/I (ejﬁl +re_jB|> - ej540+0.267j540 — 15% (V)7
VL =V, (1+T) =150 %% (1+0.2) = 18015 (V),
_ V+ 1 — j54°
=2 (1-T)= 150~
Zo 50
1. ~~ 1 L o
R = SReMI] = ESthe[lsoe-Jf’“ x 2.4e%] =216 (W)

(1-0.2) =2.4e % (A),

R. = By, which is as expected because the line is lossless; power input to the line
ends up in the load.

(€)

Power delivered by generator:
1. ~~ 1 i
Py = 5%e[Vgli] = 57e[300x 3.24€11916] — 486¢0$10.16°) = 4784  (W).

Power dissipated in £

Pry = %me[ﬂvzg] = %me[ﬂﬁ*zg] = %\mzzg = %(3.24)2 x 50=2624 (W).

Note 1:Py = Pzg +Pn,=4784 W.




Problem 2.75 Generate a bounce diagram for the volt&e,t) for a 1-m—long
lossless line characterized By = 50 Q andu, = 2¢/3 (wherec is the velocity of
light) if the line is fed by a step voltage appliedtat O by a generator circuit with
Vg =60V andRy = 100Q. The line is terminated in a loag. = 25Q. Use the
bounce diagram to plaf(t) at a point midway along the length of the line frar 0
tot=25ns.

Solution:

r _Ry~Z _100-50 50 1
9" Ry+Zy 100+50 150 3’
Z-Zy 25-50 -25 -1

T Z. +Zy 25+50 75 3 °

L

From Eqg. (2.149b),
Vi V2o 60x 50
1

Rg+Zo 100+50

Also,
[ I 3

U 2c/3 2x3x108
The bounce diagram is shown in Fig. P2.75(a) and the platbfin Fig. P2.75(b).

T= 5ns



Voltage
= rg = _% = = -%
z=0 Z= ?'5 m z=1m
1
Vl =20V
1
: L 5 ns
-6.67 Mt
1
10 ns 299 \Il
l
: - 15 ns
0.74 V.
1
20 ns 0.25V
1
1
1_0 08 - 25 ns
y Y
t t

Figure P2.75: (a) Bounce diagram for Problem 2.75.

V(0.5 m,t)
A
0vi =X
————————t————t—+——+—> t (NS)
5 10 15 20 25

Figure P2.75: (b) Time response of voltage.




Problem 2.78 In response to a step voltage, the voltage waveform shown in
Fig. P2.78 was observed at the sending end of a shorted linedyith50 Q and
& = 4. Determine/g, Ry, and the line length.

10, 7)

12V

3V
L—o75v

0 7 us 14 us

Figure P2.78: Voltage waveform of Problem 2.78.

Solution:
c 3x 108
Up— — — =15%x10°m/
P /*Er \/Z S
2l 2l
7us=7x10%s="—-__=
Hs=Tx107s= = 15 10°

Hence| =525 m.
From the voltage wavefornv,” = 12 V. Att = 7us, the voltage at the sending end
is

V(z=0,t=7us) =V;" + T V] +TgMVy  =—TgV,"  (becausé| = —1).

Hence, 3\ -4 x 12V, orl'g = —0.25. From Eq. (2.153),
1+ 1-0.25
f— = D — == Q.
Ry Zo(l—l'g> 50<1+0.25> 30

o Vg x 50
30+50’

Also,
V= VQZO
YRt
which givesVy = 19.2 V.






